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1015this unusual exercise-induced change in heart rate could signal
ischemia of the sinus node and thus localize the culprit vessel.
A total of 9,536 stress electrocardiography (ECG) tests (Bruce
protocol) were performed over 15 years in the stress ECG testing
laboratory atCentral RailwayHeadquartersHospital,Mumbai, India.
In addition to the usual criteria for a positive stress test, we also pro-
spectively evaluated for the sudden and transient slowing of heart rate
during the immediate recovery period (Fig. 1) in all of these patients.
Of the 4,497 patients (47%) evaluated for chest pain, 2,129 (47%) tests
were positive for ischemia based on standard criteria. In addition, 32 of
the total patients with positive tests (1.5%) showed an atypical heart
rate response. All of these patients underwent coronary angiography,
and all had >90% proximal stenosis before origin of the sinoatrial
(SA) nodal artery (right coronary artery in 66% and left circumﬂex
coronary artery in 34%); 14 patients had 1-vessel disease, 11 patients
had 2-vessel disease, and 7 patients had 3-vessel disease. None of the
patients without a positive stress test or those tested for a non-CAD
indication had this type of heart rate response.
We had hypothesized that this atypical heart rate response could
have been due to ischemia of SA nodal artery, and our ﬁndings
support this. The origin of the SA nodal artery follows a distribution
that is similar to that seen in our angiographic ﬁndings. We believe
that this is the ﬁrst report prospectively describing this phenomenon,
and conﬁrmation in a large clinical database suggests that this ﬁnding
is a reliable parameter to localize the culprit vessel. There is one case
reported in literature (5) of syncope with bradycardia during ergo-
metric testing, and angiography revealed obstruction of the SA nodal
artery arising from the left circumﬂex coronary artery. However, that
response is different from what we have observed, and a detailed
search of the literature did not reveal any report ﬁnding sudden and
transient slowing of heart rate during the immediate recovery period
on stress ECG testing. We conclude that sudden and transient
slowing of the heart rate in the immediate recovery period and apositive result on stress ECG testing are a unique, novel marker that
strongly suggests ischemia and localizes the culprit vessel to the right
and left circumﬂex coronary arteries.
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Molecular Imaging of Native HDL
in Human Coronary Plaques by
Color Fluorescent Angioscopy
We recently discovered that Fast Green dye (FG), which is used
clinically in the ﬁeld of ophthalmology (1), elicits a brown
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1016ﬂuorescence color from human HDL (HDL subtype 2b, Chemicon
International, Temecula, California) when ﬂuorescence is excited at
420  20 nm and emitted at 515-nm light wavelengths. This color
was not exhibited by thrombi or by any of the other major known
substances including proteoglycans that constitute atherosclerotic
plaques, indicating that this ﬂuorescent color is characteristic of only
HDL. Human low-density lipoprotein (LDL) and lysophosphati-
dylcholine (LPC) exhibited a red ﬂuorescence with FG, which was
also not exhibited by any other substances
Therefore, we evaluated the feasibility of imaging of native
HDL in human coronary plaques by color ﬂuorescent angioscopy
(CFA) (2) and color ﬂuorescent microscopy (CFM) (2) using FG
as a biomarker to clarify the localization of native HDL and to
correlate it with plaque morphology studied by conventional
angioscopy (3).
In vitro study. Figure 1 shows an excised yellow plaque studied by
conventional angioscopy. Before administering FG, the luminal
surface of the plaque was yellow and green in a mosaic fashion,
which indicated the presence of lipids and beta-carotene (3). After
administration of FG, brown and red ﬂuorescence appeared sepa-
rately in the same plaque, revealing codeposition of HDL and LDL/
LPC.
By both CFA and luminal surface scan with CFM, deposition
was classiﬁed as HDL alone, HDL codeposited with LDL/LPC,
and LDL/LPC without HDL, and the distribution pattern of HDLFigure 1. Codeposition of HDL With LDL/LPC
(A) Yellow plaque imaged by conventional angioscopy. Arrow: observed portion b
shows green and yellow ﬂuorescence in a mosaic fashion, indicating existence of c
separated brown (arrow) and red ﬂuorescence (arrowhead), indicating co-depositio
plaque by color ﬂuorescent microscopy (CFM) also reveals codeposition of HDL and L
of HDL (arrow) and LDL/LPC (arrowhead). (E) Histological examination shows a lipid
blue.was classiﬁed as spotty, patchy, or diffuse and either separate or
overlapping codeposition with LDL/LPC.
The incidences ofHDL, deposited alone or codepositedwithLDL/
LPC in 30 normal segments, 25 white plaques (early stage of plaque
growth), and 25 yellow plaques (advanced stage of plaque growth),
were, respectively, 33, 76, and21 byCFA, and43, 80, and28 byCFM.
Thus, the incidence of HDL in white plaques was signiﬁcantly (p <
0.05) higher than that in normal segments and yellow plaques. The
incidences of LDL/LPC were, respectively, 3%, 8%, and 52%, indi-
cating that the incidence in yellow plaques was signiﬁcantly (p< 0.05)
higher than those of the other 2 groups.
By transected surface scan with CFM, the incidences of HDL in
13 normal segments with thin (#200 mm) intima, 28 normal seg-
ments with thick (>200 mm) intima, 41 white plaques, 15 yellow
plaques without necrotic core, and 20 yellow plaques with necrotic
core were 30, 71, 83, 60, and 35, respectively, and those of LDL/
LPC were 0, 18, 54, 66, and 50, respectively. HDL was localized to
deep (>200 mm) layer of intima in normal segments and diffusely in
white and yellow plaques.
In vivo study. Seven patients with stable angina (6 men and 1
woman; 61.3  2.4 years of age) underwent CFA after selective
intracoronary administration of 1 ml of 2% FG. The presence or
absence of HDL and LDL/LPC were different segment to segment
and plaque to plaque, even in a given coronary artery (Fig. 2). As was
observed in the excised coronary artery, the incidences of HDL werey color ﬂuorescent angioscopy (CFA). (B) CFA image before administration of FG
ollagen I and b-carotene. (B-1) CFA image after administration of FG shows
n of HDL (arrow) and LDL/LPC (arrowhead). (C) Luminal surface scan of the same
DL/LPC. (D) Transected surface scan of the same plaque also reveals codeposition
-laden plaque. Bar ¼ 100 mm. I ¼ intima; L ¼ lumen; M ¼media; MB ¼methylene
Figure 2. Different Deposition Site of HDL and LDL/LPC in a Coronary Artery
A 62-year-old man with stable angina is shown. (A) Angiogram of left coronary artery shows a slight stenosis in the proximal (arrow b) to middle segment (arrow c) of
anterior descending artery. (B) Conventional angioscopic image of the portion indicated by arrow b in (A), shows light yellow plaque. The arrowhead indicates the
guidewire. (B-1) CFA image of the same portion after administration of FG, shows diffuse brown ﬂuorescence, indicating diffuse deposition of HDL (arrow). (C)
Conventional angioscopic image of the portion indicated by arrow c in (A), shows a yellow plaque (arrow). The arrowhead indicates the guidewire. (C-1) CFA image
of the same portion after administration of FG shows red (arrow) ﬂuorescence, indicating deposition of LDL/LPC. CAG ¼ coronary angiography. Abbreviations as in
Figures 1 and 2.
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1017decreased in the order of white plaques, normal segments, and
yellow plaques and the incidences of LDL/LPC increased in
the same order. No obvious complications were noted during and
after CFA.
The results suggest that HDL begins to deposit in the human
coronary arterial wall in the early stage of atherosclerosis, increases in
deposits with plaque growth, but decreases in plaques at advanced
stage, possibly replaced by LDL/LPC. Also, although limited to
HDL subtype 2b, which is deposited within 200 mm in depth from
the luminal surface, CFA using FG may be feasible for imaging of
native HDL in the coronary arterial wall.
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of the Ascending Aorta With
Bicuspid Aortic Valve
Spatiotemporal Flow and Wall Shear Stress
Bicuspid aortic valve (BAV) is the most common congenital cardiac
anomaly with a prevalence of 1% to 2% in the general populations.
Acute dissection and rupture of the ascending aorta in patients of
aortic stenosis due to BAV carries very poor prognosis. The aortic
wall abnormality is known to be an integral part of the BAV syn-
drome. The changes in the aortic wall are known to be due to several
causes including genetic, developmental and hemodynamic factors
(1). However, while signiﬁcant efforts have been devoted to eluci-
dating the genetic and developmental aspects, the effect of hemo-
dynamic factors has been less adequately deﬁned despite some recent
attempts made in imaging and/or computational approaches (2).
Previous ﬂow studies focused on characterizing aortic ﬂow patterns
and quantiﬁed hemodynamic shear stress (3). However, the all-
important changes in the structure of the aortic wall and their
causes (4) have not been adequately studied in patients with BAV.
Here, we describe a patient in whom an extensive damage of the
aortic wall is colocalized with hemodynamic jet impact, using a
noninvasive technique that could also be used to predict damage to
the aortic wall.
A male patient, 46 years of age, presented with symptomatic aortic
valve stenosis due to a BAVwith fusion of right and noncoronary cusps
(Fig. 1A). In an attempt to deﬁne the degree of dilation of ascending
